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In a  previous paper  1 I  reported  on the course  of the septicemia 
in the  rabbit  which  follows  an  intravenous  injection  of  pneumo- 
cocci.  In brief it is  as  follows: By making blood  cultures at  fre- 
quent intervals it was found that the course was determined largely 
by the number and virulence of the bacteria injected.  The injection 
of a relatively small number of pneumococci of low virulence is fol- 
lowed in a few hours by a sterile condition of the blood, and the bac- 
teria do no't  reappear  in  the  circulation.  When large  numbers  of 
similar pneumococci are injected or when a small number of a viru- 
lent  strain  is  given,  the  initial decrease  in  the number  of bacteria 
in the blood takes  place  less  rapidly and  completely and,  after an 
interval of five or six hours, an increase occurs.  When, however, 
large numbers  of virulent pneumococci are injected, a  slight initial 
fall occurs and death results in a  few hours from severe bacteremia. 
These  results,  it  was  noted  at  the  time,  could  be  completely 
changed if a  small quantity of active antipneumococcus serum was 
injected.  Under  these  conditions  the  bacteria  evela  when  highly 
virulent were abruptly swept  from the blood.  No  explanation of 
the phenomenon was attempted at the time.  It is  well known that 
the immune serum is devoid of bactericidal properties in vitro.  On 
the other hand, bacteriotropic substances  are  demonstrable both in 
vitro  and  in  vivo  and  Neufeld and  others  believe  that  a  relation 
exists  between  bacteriotropic  value  and  protective  action.  2  The 
1 Bull, C. G., Jour. Exper. Med., I914, xx, 237. 
2 For previous work and literature on these points the following references 
are given: Neufeld, F.,  and Rimpau, W., Ztschr.  f.  ttyg.  u.  Infectionskrankh., 
I9O5, li, 283.  Boehncke,  K. E., and Mouriz-Riesgo, J., Ztschr.  f.  Hyg.  u.  Infec- 
tionskrankh.,  1915, lxxix, 355-  Cole, R., Arch.  Int.  Med., I914, xiv, 56. 
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question therefore arises as to what the abrupt disappearance of the 
pneumococci from the circulati.on is due and whether it is the result 
of  the  action  of  one  or  more of  the  antibodies  contained  in  the 
blood and the immune serum, and  which of them plays the essen- 
tial part. 
EXPERIMENTAL. 
The  investigation of the pneumococcus was  rendered  far  easier 
than it otherwise would have 'been by the fact that the Hospital of 
The  Rockefeller  Institute  kindly  supplied  several  types  3  of  the 
pneumococcus with their corresponding immune horse serum.  Al- 
though the majority of the experiments were made with a  virulent 
pneumococcus of Type I,  Types II  and  IV were also employed to 
supplement  and  extend  the study.  Since  the investigation of  the 
blood  of  ~the rabbits,  employ.ed  for  the  tests,  during  life  proved 
an  essential  part  of  the  experiments,  a  brief  description  of  the 
procedures will be  introduced here.  They will not be repeated in 
connection with the illustrative experiments given. 
Blaod Cultures.--The number of bacteria in the blood stream was 
determined by taking a small quantity of blood from the heart with 
a  graduated pipette to  which a  needle was attached by means of a 
thick-walled rubber tube.  A  measured quantity of  the blood  was 
immediately diluted  with  a  large  quan'tity  of  sterile  physiological 
salt solution and portions of the d~ilutio,ns were added to Petri dish.es 
containing  sterile  defibrina'ted  rabbit  blood.  The  colonies  were 
counted  after  twenty-four  hours'  incubation.  The  plating  was 
done in this manner throughout the work. 
Microscopic Examination of the Blood.--For microscopic exam- 
ination the blood was obtained as described above and heavy films 
were made on  slides.  The  films  were allowed  to  dry in  the  air, 
fixed in methyl alcohol, and stained with a  dilute solution of Man- 
son's stain.  In this way every bacterium is  rendered visible,  inde- 
pendently of the thickness of the smear. 
• Microscopic Examination of the Tissues.--Tissues were prepared 
for  microscopical  study  by  crushing  and  sectioning.  For  the 
crushed preparations, the fresh tissues were finely crushed in tissue 
crushers,  portions  of  the  pulp  spread  on  slides,  fixed  in  a  flame, 
a Dochez,  A.  R., gnd  Gillespie,  L. J., Jour. Am. Med. Assn.,  I913,  lxi,  727. Carroll  G.  Bull.  459 
and  stained  by  Gram's  method.  Sections  were stained  by Gram's 
method,  eosin  and  methylene  blue,  and hematoxylin  and  eosin. 
Immune Serum in Pneumococcus Septicemia in Rabbits.--It  has 
been stated that the  immediate effect of the  injection of an  active 
immune  serum  into  the  blood  of  rabbits  in  which many  pneumo- 
cocci are present is  to bring about an abrupt  disappearance  of the 
bacteria from the circulation, although they may later return.  This 
effect is  illustrated by Experiment  I in which a  bacteremia  is  pro- 
duced by the injection of a culture of virulent pneumococcus. 
Experiment L--4  rabbits received each in the ear vein an intravenous injection 
of  0.4  cc.  per kilo of  an  18  hour bouillon culture of  a  Type  I  pneumococcus.  2 
of  the 4  animals received an intravenous injection  I  minute later of  the  homolo- 
gous  immune  serum  in  the  opposite  ear  vein,  while  the  remaining 2  were  un- 
treated.  Blood  cultures,  by  the  method  described,  were  made  from  all  the 
animals.  The result is  summarized in Table  I. 
TABLE  I. 
Immune  Colonies of bac-  Colonies of bac- 
Rabbit  Weight.  serum per  teria x minute  teria 15 minutes  Remarks. 
No.  kilo.  after serum in-  after serum in- 
jection,  jection. 
I 
II 
III 
IV 
gl,  n.  co. 
1,55o  0.2 
1,65o 
1,85o 
1,575 
0.5 
O 
1,320,OOO 
1,250,O00 
1,260,OOO 
1,33o,ooo 
o 
o 
I,IOO,OOO 
1,275,ooo 
Baeteremia  after  12  hrs.; 
death in 36 hrs. 
Bacteremia; death in 48 hrs. 
Bacteria  did  not  leave 
blood;  death  within  24 
hrs. 
Same as Rabbit III. 
As  Experiment  I  shows,  the  immune  serum  brings  about  a 
rapid disappearance  of the bacteria from the blood.  Other experi- 
ments  directed  to  the  answer  of  the  question  indicated  that  the 
time required  for the blood to 'be rendered sterile depends,  first,  on 
the number of the 'bacteria injected,  and,  second and especially,  on 
the amount  of serum  given.  The  phenomenon  of abrupt  removal 
seems  to  be  independent  of  the  virulence  of  the  pneumococci,  al- 
though  the  end  result  is  determined  by  the  virulence.  It  can  be 
predicted that had the pneumococci been of lower virulence Rabbits 
I and II would have recovered and the .bacteria would not have re- 
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Mechanism  of the  Removal Process. 
The  immediate  effect,  therefore,  of  the  immune  serum  is  to 
cause  the  pneumococci  to  be  rapidly  removed  from  the  blood 
stream.  This  action  is  exercised  independently  of the  end  result; 
namely,  whether the bacteria  are to  be permanently  suppressed,  or 
whether  they  reappear  later  and  cause  the  death  of  the  animals. 
The  question  which  presents  itself  for  solution  is  the  manner  in 
which the removal is accomplished. 
It  is known 'that an  immune  serum even in the  fresh state  is de- 
void  of  bactericidal  action  on  pneumococci  in  vitro.  It  was  de- 
sirable  to  ascertain  the  effect  of  the  whole  blood under  the  same 
conditions.  Tests  were  made  by  adding  to  fresh  rabbit's  blood, 
either  hirudinized  or  defibrinated,  varying  quantities  of  immune 
sermn  and  a  convenient  number  of pneumococci  and  then  plating 
the  mixture  at  stated  periods  during  twenty-four  hours.  It  suf- 
ficed to add two drops of a  bouillon culture, twenty-four hours  old, 
to each cc.  of the blood and  immune serum mixture. 
The  effect of the immune  serum  was to cause great reduction  in 
the  number  of  colonies  developing  on  the  plates  made  from  the 
second  ~co  the  'twelfth  hour.  The  later  plates  showed  increasing 
numbers  of  colonies  and  those  made  at  the  expiration  of  twenty- 
four  hours  corresponded  with  the  control  plates.  The  smallest 
number  of  colonies  on  a  plate  was  ten  to  twenty;  sterility  was 
never achieved. 
In  following  with  the  microscope  the  changes  taking  place  in 
the test-tubes it was found that  what appeared to be destruction  of 
the  pneumococci  was  actually  an  agglutination  of  the  bacteria 
through which the number of colonies was reduced.  Definite clumps 
were discovered in tubes in which the proportion of immune serum 
was  I  to  5oo.  This  fact  is  noteworthy since  the  macroscopic  ag- 
glutination  titer  of the serum was  I  to 5  o. 
Agglutination  and  Phagocytosis  in  Vivo. 
It  now  became  desirable  to  investigate  the  same  points  under 
the conditions  of the living body.  Experiments  2  and  3  were per- 
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Experiment 2.--A rabbit having been inoculated by intravenous injection with 
a small quantity of a bouillon culture of a virulent pneumococcus was permitted 
to  develop  a  severe bacteremia which required about  IO hours.  At that  time  i 
cc.  of  immune serum was  injected into the  ear vein, after  which specimens of 
blood were taken from the heart  at intervals of  from 30 seconds to  5 minutes. 
Film preparations  were  prepared  with  each  specimen,  fixed  in methyl alcohol, 
and stained with Manson's stain. 
The specimen taken before the  serum was  injected showed numerous diplo- 
cocci  distributed  evenly throughout  the  blood.  The  specimen  taken  I  minute 
after the serum was given revealed large clumps of  diplococci  (Figs.  I  and 2). 
The  next  specimen  removed  showed  progressively  fewer  clumps  until the  5 
minute specimen was reached,  when no diplococci  whatever were found. 
At the expiration of 30 minutes after the injection of the immune serum the 
rabbit was  killed.  The  lungs,  liver,  spleen,  and kidney were  put  through  the 
crusher, and film preparations were made from each.  Clumps of diplococci  were 
found in the lungs, liver, and spleen  (Figs. 3, 4,  and 5),  while very few clumps 
were present in the kidney.  The masses of diplococci  were sometimes free,  but 
usually they were contained within phagocytic cells  and chiefly  within polymor- 
phonuclear leucocytes,  especially in the lung, liver, and spleen (Figs. 6, 7, 8,  and 
9).  Sections of  the  organs  were  also  prepared,  but they  were  less  informing 
than the crushed tissues.  The sections exhibited, however, groups of leucocytes 
in the capillaries and other small vessels of the lungs, the sinusoids of the liver, 
and the blood spaces  of the spleen, of which a part enclosed clumps of diplococci 
(Figs. 12, 13, 14, 15). 
Experiment 3.--In this animal the equivalent of  a  developed bacteremia was 
induced by injecting into an ear vein the virulent pneumococci derived by cen- 
trifugalization from 5o cc. of a twenty-four hour old bouillon culture.  After 2 
minutes a  film  of the  blood taken  from the  heart  was  made  and then  I  cc.  of 
immune  serum  injected.  Subsequently film  preparations  of  the  heart's  blood 
were prepared at periods of from 30 seconds to 5 minutes. 
The results were identical with those described in Experiment 2.  The blood 
film taken before the serum was injected showed many diplococci  but no clumps; 
30  seconds  after  the  serum  injection large  clumps  were  present;  the  crushed 
organs showed clumped diplococci  within phagocytes. 
The two experiments were repeated many times and with unvary- 
ing appearances.  They  were  also modified in such a  manner as  to 
permit the  treated  rabbits to  survive  I,  2,  3,  and 4  hours  after  the 
injection of the immune serum.  A  marked difference was .observed 
in the number and condition of the clumps of bacteria according to 
the  period  of  survival.  The  greatest  number  of  free  clumps  of 
diplococci  were  present  in  the  animals  killed  at  the  30  minute 
period,  and the greatest number of  phagocytes  carrying the  clumps 
were found in the animals killed at one and at two 'hours  (Fig.  IO). 
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ing the phagocytes contain,ing diplococci are fewer and the form of 
the bacteria  is  irregular  and  the  staining  faint  and  poor.  Later 
preparations show very few phagocytes enclosing disintegrated bac- 
teria  (Fig.  I I).  The preparati.ons at four hours contained a  small 
number  of  free,  single  diplococci  which  were  the  last  bacteria  to 
disappear. 
So  far as the blood phenomena are concerned--the a~)rupt disap- 
pearance of the cocci from the circulating blood, agglutination, and 
phagocytosis--active  and  passive  immunity are  similar.  The  ac- 
tively  immune  rabbits  probably  possess  a  tissue  immunity  which 
passive immunity does not confer.  This point is under investigation. 
DISCUSSION. 
It is now possible to define clearly the effects exerted by an anti- 
pneumococcus serum when it brings  about an  amelioration  of  the 
infective  pneumococcus  process  in  rabbits,  at  least.  It  may  be 
well to state at the outset that the effects were, in our experiments, 
limited to the interaction of the specific type or group of pneumo- 
coccus and homologous serum.  No crossed or heterologous action 
was  ever observed.  Although a  few typical or illustrative  experi- 
ments in which Type I pneumococcus and serum were employed are 
given, similar experiments were made and identical results obtained 
with pneumococci and serum of Types II and IV. 
Setting  out  with  the  condition  of  pneumococcus bacteremia  of 
rabbits,  developing  on  the  one  hand  after  a  small  ,inoculation  of 
virulent pneumococci and directly produced on the other by an in- 
jection of massive quantities of cultures, the first effect of an injec- 
tion of immune serum is to cause an almost instantaneous agglutina- 
tion  of the diploeocci in  the blood  and  the  immediate removal  of 
the clump formed by the spleen, liver, lungs,  and, to a  smaller ex- 
tent,  the  kidneys.  Probably  still  other  organs  participate  in  this 
process. 
This agglutination and removal by the organs of the pneumococci 
is  quickly  followed  by  a  process  of  active  phagocytosis,  chiefly 
through  the  medium of  the  polymorphonuclear leucocytes, in  the 
course of which the bacteria are taken up by the cells in enormous Carroll  G." Bull.  463 
numbers.  A  single leucocyte may contain from fifty to one hun- 
dred  dipl'ococci.  The act  of  phagocytosis is  directed,  apparently, 
exclusively or almost so  against the clumps, while the  few  single 
diplococ.ci  remain free within the vessels.  The act of phagocytosis 
follows quickly upon the agglutination and removal and,  it  would 
appear,  never  takes  place  in  the  blood  stream  itself;  for  in  the 
study of  hundreds of blood films made  from the  heart  only one 
leucocyte containing diplococci was encountered.  The process ex- 
tends,  however,  over  several  hours  and  consists  of  two  distinct 
phases:  one the mere englobing of the  masses  of  diplococci, and 
the other their digestion or disintegration.  For the unagglutinated 
diplococci which remain free retain form and staining powers very 
much longer than those contained within phagocytes.  The diplo- 
cocci within the phagocytes show at  first normal morphology and 
staining  (Figs. 6, 7, 8,  and 9),  while, later, bizarre  forms and im- 
perfect staining are met with  (Fig.  II).  After a  few hours only 
very few dipldcocci and those disintegrating are still visible in the 
phagocytes.  Cells other than polymorphonuclear leucocytes play a 
minor part in the phagocytic process. 
The  intimate interaction of agglutination and  protection which 
the  experiments  indicate  is  emphasized  in  other  ways.  I  have 
found that 'the smallest quantity of immune serum which influences 
a pneumococeic infection in the rabbit by diminishing the number of 
diplococci in the circulating blood or by prolonging the life .of the 
animal brings about clump formation in vivo; and Avery has noted 
that  in  the  fractionated  and purified antipneumococcic serum  the 
protective  bodies  are  always  accompanied  by  agglutinating  sub- 
stances. 
But  in order that  the  agglutinated diplococci may be  rendered 
harmless  it  is  not  enough  that  they  shall  be  removed  from  the 
blood by the organs; they must be  further withdrawn, apparently, 
into the phagocytes where they are  quickly disintegrated.  As the 
experiments  in  vitro  with  the  whole  blood  and  immune  serum 
showed, the clumped diplococci are  capable  of  further multiplica- 
tion.  Hence, along with the removal of the clumps of diplococci 
by the organs it is necessary that an accumulation of polymorpho- 
nuclear  leucocytes in  the  same  organs  be  brought  about  simulta- 
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The fact is well known that the intravenous injection of foreign 
protein causes  a  leucopenia.  I  found  that  the  intravenous  injec- 
tion .in  rabbits  of one  cc.  of  antipneumococcus horse  serum  led, 
within  five minutes, to  a  reduction  of the number of  circulating 
leucocytes by  one-half.  The  low number persisted  from three  to 
four hours, after which it rose usually somewhat above the normal. 
This reduction and rise in number was not participated in by all the 
white cells  but chiefly by the polymorphonuclear leucocytes.  Nor- 
mal horse serum produced s:imilar effects.  The injection of bouillon 
cultures of pneumococci causes a  greater fall still in the number of 
circulating leucocytes and, according to the final result in death or 
recovery, there was continued depression or later rise. 
The manner in which the leucocytes react to the foreign protein 
as contained in the horse serum provides a mechanism for bringing 
large numbers of polymorphonuclear leucocytes into close proximity 
with the agglutinated diplococci within the organs.  That the leuco- 
cytes are not destroyed but merely accumulate in the organ in cer- 
tain forms 'of leucopenia has been shown by Goldschieder and Jacob. 
On the .other hand,  an  homologous immune serum,--for example 
antipneumococcus serum prepared in the ragbit,--would also bring 
about agglutination of the diplococci but whether it would equally 
produce leucopenia has  still to be determined.  Some other means 
of attracting  leucocytes  from  the blood  and  the bone  marrow  to 
the capillaries of the organs may be necessary and this means may 
well have to do with the presence of the clumps of diplococci them- 
selves.  But this constitutes a point of further study. 
SUMI~ARY. 
An active antipneumo.coccus serum causes agglutination of pneu- 
mococci in vitro and in vivo. 
The antiserum acts  in far greater dilution in causing agglutina- 
tion as determined by the microscopic than by the macroscopic test. 
The antiserum when injected into the circulation of rabbits  suf- 
fering from pneumococcus bacteremia causes a rapid disappearance 
of the diplococci  from the blood.  This  disappearance  is  brought 
about by instantaneous clumping of the diplococci in vivo  and the 
removal  of  the  clumps  by  the  liver,  spleen,  lungs,  and  possibly 
other organs. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXll.  PLATE 49. 
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The same means which cause the clumping and removal from the 
blood of the diplococci and their accumulation in the organs cause 
also  leucopenia  with  accumulation  of  polymorphonuclear  leuco- 
cytes  in the same  organs.  The  leucocytes act  as  phagocytes  and 
ingest the clumped diplococci which undergo rapid dissolution within 
the  cells. 
The diplococci which fail of agglutination tend not to 'be phago- 
cyted and persist longer in viable  form than  the ingested clumps. 
The protection afforded by the immune serum is specific  for the 
type  organism  and  is  determined  by  the  presence  of  agglutinins 
which prepare  the  pneumococci  for  removal  from  the  blood  and 
phagocytosis on a large scale. 
Normal rabbit blood is devoid of agglutinating and of protective 
effect against virulent pneumococci. 
Agglutination is  not merely an incidental phenomenon, but con- 
stitutes an essen'tial  process in association with phagocytosis in the 
protection of the rabbit  against pneumococcus infection. 
EXPLANATION  OF  PLATES. 
PLATES 49 AND  50. 
FIG.  I.  Clump  of  pneumococci  in  heart's  blood  of  a  rabbit having a  pneu- 
mococcic septicem,  ia;  specimen was taken  I  minute after 2  cc.  of  immune  serum 
were given.  Gram's stain. 
FIG.  ~.  Clump  of  pneumoeocci  in  heart's  blood  of  a  rabbit  I  minute  after 
o.I  co.  of serum was given. 
FIGS.  3,  4,  and 5-  Clumps  of pneumococci  in the liver,  lungs,  and spleen,  re- 
spectively,  of  a  rabbit 3o  minutes  after  serum  had  been  administered.  Gram's 
stain. 
FIGS. 6, 7, 8, and 9.  Polymorphonuclear leucocytes containing clumps of pneu- 
mococci  from the liver, spleen, lungs, and kidney,  respectively, of a  rabbit having 
a  pneumococcic septicemia.  The tissues  were  removed  I  hour after an injection 
of  immune serum.  Gram's stain. 
FI¢.  IO.  Crushed  preparation  from the spleen  of  a  rabbit having a  pneumo- 
coccic  septicemia.  2  leucocytes  are  present  which  contain  clumps  of  pneumo- 
cocci.  The  tissue  was  removed  I~  hours  after  an  injection of  immune  serum 
had been given.  Gram's stain. 
FIG.  ii.  Same as Fig.  IO.  Tissue removed 2 hours after the serum was given. 
I  leucocyte contains a  clump  of pneumococci.  The bacteria stain poorly. 
PLATES 51 AND 52. 
FIGS.  I2,  13,  14,  and  I5.  Sections  of  tissue  from  llver,  spleen,  and  lungs,  re- 
spectively, of a  rabbit 2 hours after an intravenous injection of I  cc. of a  bouillon 
culture of  pneumococci.  All sections show  accumulated  polymorphonuclear  leu- 
cocytes.  Stained with hematoxylin and eosin. 